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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a high-polymer composite optical 
waveguide with which refractive index control is easy, loss is low and which 
has high heat resistance by using an org./inorg. high-polymer composite 
having excellent transparent as a core and clads. 

SOLUTION: Both of the core part 3 and the clad parts 2. 6 of this optical 
waveguide are composed of the org./inorg. high polymer composite which 
contains a metallic high-polymer material obtd. by preferably hydrotyzing an 
org. metal compd., polyoxazoline or polydimethyl acrylamide as a high- 
polymer material having an amide bond and, if necessary, a high-polymer 
material having a polar group and in which the org. components and the 
inorg. components are combined. 
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/ 

K> 

>*-*-y-;/y v^^y^-*5j:o?v?7t^/ur^ y/ur * k 

(Rl ) m Si (OR2 ) 4-n 

R2 tt(fiftr/u#yuSS:*t>L, Ri *>J:t5R2 fi, -t 
J:^ e mill £fcf±2 0>8SS:^-t- o ) 

it^m* 10-5 0 0 Ofi*«fflV>£tt*fil *fc«:2 

[»*«5] mcflttxtr4r-r«K^7-«K^, tie 



R 5 COORs 

ee*, Ra . rs **t-en**«-^, s**uRiP 



(2) 3 112 3 4 

2 

o o oaswwr, ms&mm»*mftk *zmm&m 

10 — 5 0 0 OfiSSJffiv ^589**5 4 
[0 0 0 1 l 

10 0 0 2] 

20 [0 0 0 3] w<7>3t*«KoS*tf»^*S*«*B5» 

«c»#< ©B»3ftsftsnrt^. w*.tf»Jiii»iSb<or 

K t/r^f^^ (Appl. Opt. ) 117 
4-§\ 6 4 61-6 4 71, 1 9 7 8 fl^BS 

61-13201 #4^atctt. mtR.mytm'&mcx 9 , 
30 fc^vMi^yV— tRjtg^-friwt 

[ooo4] tfv y i — hw^t 

f^Lr3te«a**ay3tL^i^^, 0. ldB/crri 

40 u^hP^^^ X (Electron. Let 

t. ) , f2 8#, 2135 H— 2 1 3 61, 1992 
SMC»(R$ixT*5 9 , :wW!|H¥6-4 3 4 64 

u™ h^<o^7^te»iSSfi— jftfc i o otnt-c* 
assRiafi^±w« 7 o t c^ST*fo5^%x.ibHri> 

6o Sot, liffl«HCIi5FS&*sa5o 
[0 0 0 5] R!RttaA±a*ttc>-r. 

50 *JjK-T-lc««Lfc^ y ->d **>S:fflir^*WKH*? % 
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3 

8 8 4 0 2*^*«C X ft*tp<D7km 
-3 2 8 5 0 4 £8 IC 

[ooo6] «cae*os»-ctt«iE<io <t 5 /a 

[0 0 0 7] ^<OJ:5*a-&{b«-S.Sr*»i5i^3BfflLfc 

X 7yK 7h>^^^^7/U 3^x>5r— >3^ BBS 
^cfit (Integrated Optics and 
Optical Communication) 19 
9 588f«i, TuDl-5; 7 : ili:ii, ->oW 30 

LT»AUm* (Sftittai« ORMOCER) X 

[0 0 0 8] ^JRBSfk*y/K0 3 3lfe5c«aB#** 

*L"C^S 0 #i¥3- 2 1 2 4 5 HHi««C 

SrW-fSK^iftSiS-^lkLfc** • 
v**tt*r«r<r*-6K#*\ ^tc. *jgtt* y^-u:P8 



fHH¥9 - 3 1 12 3 4 

[000 9] #$)¥ 6-322278 -§-^«-Cli, ftffl 
¥3-2 1 2 4 5 1 ^«KB8^SiXfcrt*«:S fclC* 

[0 0 10] 

tcs*$ixS3Sitt, (t^b**, iSW-efes 

.Lie, #*»»ffi»*w s *fg 

[0011] :^94i^il TIEco^iciorit 

(1) Mft*mW<D^Tnftk. :o^7^§:i^ 
= 7S»J: 9 fiv^JBW*S:*"rSi«»^-»«<7>^ 7 y K 

-raws* • • mkr£HM> 

«w*D*#*»fric &Z)Mft^Fx&>z> mm±& (1)0 
ai 

(Rl ) ra S i (OR2 ) 4-m 

(5£*\ Ri tt7^^r/i/I*tliT y— yult*t)t. 
R2 fifi«7/u*A'SS:»fc>U Ri *5J:U<R2 12, ^ 

J:v\ mfil *^2coS*Sr^-ro ) 

(3) mjfET ^ Ktt*«r*-T5iK»*«WH 0 0IM 
JC^LT, ffieAKSC5>^ttK^^5«rtt^jRfb^tt«: 
1 0-5 0 0 0itSfflt^±IE (1) l£tite (2) <7> 

(4) ««B3r»»*iJ:tf^9y K»»3^i t>(c, «>|E 

*«&»b^»^e>«**nfcA*ffi»TF»K^, me 
tr±fs (1) - (3) em*-rna*<o*r« • iH»^« 
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5 

(5) BUiaaittasrWi-sK^^ttK^. tib^h-?* 
--<?£>s±fs (i) - (4) <ov^n*»o««-jis«* 

[0 0 12] 
lit 2) 

sen r» R-i 



Rs COOR 6 

[0 0 13] (** % R 3 , Rs li, -tix-ett**H 

^T*£>£ 0 Re li7;^/uS, S*SWb:r/i^uS£fc 

(6) flners K«««r«i-diK^*fti oosaas 

C^Lt, .fi(f8E«tt«*-W-rsai»^*KSr 3 0 O OS 

1 0-5 0 0 0lfl«fflV^±ffi (4) *fcfi (5) 

[ooi4] • «mK5>-7-««ff«> 

— *SfB1¥ 6-322136 fjr&n, m 6 - 3 2 2 

2 7 8#^«, HMRftttttlB vol. 16 No. 2 (1995) 3 1 
^3 61, Advances in Polymer Science vol. 100 (19 

92) 1 1-2 9mmcmmztix^zi>K zn^icnm 

[0015] 

A. B*»«rWr-5-i:*SpniB*«ft**Si:, 
[0 0 16] 

[0017] ^1 (Ri ) » Si (OR2 ) 4-q 

[ooi8Ui^ ri temt&m&mLxh x^^mm 



(4) ^5g9-3 112 34 

6 

zmLxh^^TV—'i'm&mty-fo R2 

4&gO{g&T/w*/ug£^4bU Ri *5J:tfR2 Ji^E: 

V*Tfc,fcl\, mfi 0 ~ 2 cO^^^r^-To 
[0 0 19] o^m^r^mt^t LTte, #J 

yD^'>'>7 7h7^ is "7 > y T h7^h 

=*v'>'7>\ Y ]) * V, /a f/u h !i 

h^Vv/7>, Y^c>>^>, y 

a D^a fVu h y ^ Kv">7 >\ y — ^ d n^D 

^hyxh^r^y, y Y^fu tvu h y 

>\ 7x^l/h!J/p^>v'7^ ^7x- /Uv?j* h 

[0 0 2 0] WC»*UV^««^>f*{b^«irtt. #Jx. 
7 1 K7> V^-isis? > s T h7^ h^^*>7V, > 
f ^ h y ^ h^r 4 />7^ /u h y ^ h^rW7>, 
> ^/U h y ^ h =*v">^ V, ^^/U hyx Y^rUi/^ 
>\ Y*ci/i/*7Zs, i?=.<?-;Uz/ziL Y*Z/is 

-7*l=.jIsY}) * h^r->v'7>. ;7^^/U h y ^ f> 

is=c Y^ri/^? >^X&>Z> 0 

[0021] ztbh<omm*4mjk&mz&mffi 
^ftb<Dmm*4m<k&m*t$&&)izm'itLx\,^xh£ 

\*\ «fflt 61kS»«l*« li 1-30 l 

tc^^ l< fiTI5<7)7Ky ^-^r-y-^y y^^w^ y 

[0 0 2 2] BCOT^ K«^«:Wi-Si«^»«l±. 

^ / y y y v ^iiv/^ f /U7 ^ y /U7 ^ k 
m^M^i^xhx^^^-^y y >o^^^-{b^T*fc 

•^f/U7^y/i/7;K^yv-lt g^S^r^Lr 
t J:^^ f/u7^y/U7 ^ Kco^^^b^T'^^o 
50 CGOtK';-^— t>^(c^y ^>f/U7^ y;i/7 ^ K£ffc-r 



-4- 



7 

zt&b&o tit, ztibm#*<t&m*. 

[0 0 2 3 J r ^ Kfe^SrW-*-** * LTOt^ 
y v^tfy^-liTfE^III <£>< 0igL3M!fcS:fco 

[0 0 2 4] 
Hfc3] 

5CIII — N CH 2 -CH a - 

CO Ra 

[0025] rs n*mm*s m*mm**ti 

***>-*-. ) 

[0 0 2 6] iftfERs t'^^^T/U^I^ LTtt. 

^s, y^^s, 4 y^^-/uS> s e c-yf^I, t 
e r t-y^vi-g, -O^/ug, ^^S/yvX* ^>^yu 
r '>^Sf 1 - 1 OOT/w^r/i'I/j^t L 

V\> ftlCfrt. L^T/U^r/U&i: LTtt, «** 1—4 05 

^yuXSrfctf 5 d £ 5 0 

[0 0 2 7] r/l/^r/uS(Off* L^lftSi: ttli, 01J 
7^*JB^ fi*ftl-4SSo 

£5 1 ~~ 4 mffic7)T/U3 * ^yutf-yi^g^^tf £>*l 

So 

[0 0 2 8] 7 y— tttt, ^zn^/US, ^"7^ 

^gB^^gRScri* 1-4 »7y^ar ->#/u#=/U 
[0 0 2 9] Rs <DmMr;^^m<0^mt LTtt, 

ry-/ug<b ITU, 4-^^^zn-yu 

ms. »*c»*Lv^^^y vi* 2 y 

VOftil. Rs a^iSt^U — 2<0{£j&7yi^yugGQt>03r 

[0 0 3 0] -T ^IM ^< OiSL*ffi^ LT 
I*. ^-^rif yy >*fcli2 -Rs -2-W/U> 
(Ra ItwitZtmm) OHSl*#*efc5;i:^L 

[0 0 3 1 ] C^J: 5 ft**-?-:/ y XDSS^tt i«* 
t><fct\> =»#y £ Lftt. #y ^f;ur ? y a-t 



(5) »BB^P9-3 112 34 

^ h\ y trn/uea y K>^#y * 

y >^ftfico^y-v— ic#y **cvsi) ^t*??? hLft 

i^D^-y-v, ^y^^-^>^^^T^s 0 /fy^t 
/yxii'&gio-iooMT-fc^ /Ky-^— epic: 
t^f/y>*tt^i o-i o owt% mmtttstix** 

[oo3 2] tfy^^iryy vi*fi»s&*rL-c 

^^^yu-^yU/fcvg^^fvu ; a^fl^yi^yu (0»J;t 

[0 0 3 3] # y v?>f;P7^ y/U7; *^-/tfy 

*S^^-Stt, 4 0 0 — 200, 000. ^FiC5 0 0-2 
0, 0 0 011 ^>W^1I;U7$ KlfililO- 
1 0 0wt% §t3fiXt^5;tA5»*L^o zn^y-^ — 

[0 0 3 4] >btf!) isST-sUT? y yu 

^y^t/y ><h^y s^^/ur* v^t^ mm* 
■fSK^t^ffiStt^Mtv tfy ^-y-yy >£*y 

[0 0 3 5] /«C*5, ^Ky ^^rf-y y >*5j:t//*fc*i^ 

y v^^-yur^ yyur^: Ktc^Dx.. ^bfcB^Lr^y 
[0 0 3 6] ^yf^t'py hvit tfo y hvsic 

«^.^*» 1-5 (fcTyi^yuS^T y -yi-S^^fi^ 

tt. 2 0, 0 0 0—1, 5 00, oooiS, tr— yutf 
n y K>*ffif*l 0-10 0wt% ttSiXt^Swi^ 

7^yu-h, ^>f/u7 ^ y yi^r ^ K«*s«ffl-e 
^y ^yut'a y K^ii^y ^-^r-y-y y >-^>-Ky 

^^t^yur^ y yuz ^ KtWiH-C0 5 0wt% J^T^fflT' 

[0037] ^BJwjctisteffl^nscoflittssrwrs 

50 li^Iiltlj:, -H-»**fc«i««Jc*yU7K=/uS 
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(6) 

9 

[0 0 3 8] 
lit 4} 

R 3 R« 

-C C- 

I I 

R 9 COORe 

[0 0 3 9] R3 , Rs I*, ^-ftMot /0 

y^S, fcKiiifby^v^ fc£VM£^ny>-ijp;^-£: 
mt>-r 0 R4 i - 5 sao7/i/ 

/Ug, WJCCn • X 2 n+ l"C^Six5^nyv<kr/U 

[0040] rcotfy y*^y 

lilO, 000 — 200, 0 0 0iS^»^LV\ £ 20 

fc, #y y** y u— H**^#y^— tfcott, = • 

tit!) ^-•efcott £< . (y*) 7^U-FW5 
^ (y^) T^yu-K ^yU^-pT/W^r/U (y 

*#y y y hf±n*fctt2ia±-e«fflt5 
[0041] rafta?*** tr, tfjfE^&jpub^ 

[0042] a,-b, cizmmmmcmtezti. 

S«*HSMj£*L5. *T«®8££ LT y*y- 
/u, 3L#s— /u, :7nA«y— y^D/V-;K :/ 

mmmit^m ; n^^^^^Bsas^b** ; 
y^/K ^by^i^v, ^dd^/i/a, hy^pnxf 

h>H ; v^^/Uoi— fvK ^^"^r-^>, v>y h^'>x 

N-y^/vtfny Ky, r-tr h- 
h y/u^O- h y v'y^vUTir h7^ k, v^y ^ 
/^/UAT; K^<7)T^ K^, v^y f/^/^t^rv' 

[0043] mm • «i«B»^ia^*^fflrtci»jc*5it6 



^3*9 - 3 112 3 4 

/0 

S^r^^-rs^y ^^-^^y >^y ^f^7^ y 

A-T S Kl 0 Og&gfllctfLT, A(ciott5W^Mii5 
^^Hb^fe** 10-5 00 0 fiSSfk <8N- 10 — 200 

omssB, $e>iwii5 o-i s oossse, 

<fi, i o o— i o o w hfrftiz. lv\ 

[0 0 4 4] -Tftt?*,. A«>ft*«^>4tf51:, & 
Ld»Lft^€>, 

[oo45] A\c&rtzmm&m&&*<t'&vo& 
[004 6] BiDftffladSitan-rsjcoix-c^rw 

« • •M>K»^«*#^>aW^b«c ! ^**BO*f4 % Ate 
*5«tSW«AJRYb^ft^«ai:ft^ #«&JSMb£«i: 

[0 0 4 7] COi8i^«i«S:fflv^»'&tt, 
BWi«5>^Fft|tl 0 OfiffigBtCj+LT. AJC*5ltSW« 
^JR{b-&»tt 1 0—500 0 #(C 2 5 — 5 0 0 

Ofiffl^, J:9#*L<tt, 5 0-2 5 0 0IM: £ 

bicm o o- 1 o o ofi&gp, ciD^^Wfia— 

3 0 0 OSS015, mci -3 0 0 $b(Cfil 
0-30 001W, <t«9^f^t<fi, 5 0 — 2 000 

[004 8] C<Dffi^tcJ:f9. A^B^co^SbmSrJ: 

I o o 4 9 ] mm&mit&mi*. B&z^^B&xxtc 
es^, s^Sf. y >^^> ; mx.it. 
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[0 0 5 0] *«-JS«i«»T-a'&*^7-fyUA(Df^« 

K± 0 . ^fi^lfota ■ 

* tfya- iiflHTt7 or^ib i 5 or* 

[oo5i] mm - mmM&*m&»<n7 * Mtomifr 

KiHMM'ffrfc^-C* A-C<0 2£/cl*3<D|£#0 5 

«jg ^(7) =1 T^5>ffl k»#/b KS/HlhUtf £ 

[0052] *&m<nfcmm&<nmjg&-&immzti 

i^SS^fflt^^- KT*^Lfct>^(cihft,tfJ;^ 0 
37»»4: ^7 y K»»OJtB»* _ ( n ) H£0. 3- 
i. 0%lc-r*u;£J;i,\ 

[00 5 3] Sa«)i&^S5t««Bw«iS*ft^oi^T® 
■lS:#IL4is^ttWt«p lilt *38KfcJ:6«l«) 

fisPffiSK, 2 fiTSB* 7 * KB. 3 1^71, 4I*T 

[0 0 5 4] £-f , • *S«ift^1fi^#:OH9IB»R: 

^f7^ • = ^<oS« l <D±Jc?8T 
^ tf y a- h trim • ««tt»f 

K«2W©Jff*ttl. 4-1. 6tSit5o 
[0 0 5 5] rcr>TS»^7 y KB2C0±SJC, =713 
ZMtitfTZo JBfifc-r a#ftiiT6P* 7 y KB 2 tr«A L 

fl5#^fi£fl^J®»*a 5 Tas* 7 -/ KB 2 T-{£ffl Lfc t, . 
a>£li»fc9, =7i3(?)Hlr*li, Ttt*7s>KB2 
O-*r*iJ:<9i§#0. 3-1. 0%M*#<ftot^ 

[0 0 5 6] =»Tjl3w±JBJc3fiR3S&(cj:f3r^ 



(7) #fP!^9- 3 112 3 4 

12 

•fe<ns<9 — >i£ffifrti1t\s*J* FB5 £#S 0 T/u^^ 

T^4v^»»ro7/w$ = *AS:»4L» u-^*hB5*5 
Jet/, TyU$=.*AtS3aplS4T-«a**tTV^*t^=iTH 

l&5fe-T£ 0 3rjg3<OjLSfC(CO<tfcT/U^=:^^ 

10 :«>T*^?y KB2*5«fctf:3Tg 

3<D±BlC\ ±»^5yKi6*»*t5. ^fiJt-TS* 
fettTSP*^ KB 2«rfl^cLfc#«fc*!^— -Cfc<5o ± 

7 * kb e • mmm#*m&ft<D® 

ytm*T&? 9 y KB 2 T^ffi L/c t>co £ IU— CO tot 
fe5o KOi 7 lct*C^ 7 y Fi*$J:^371d^ , «l • 
*«K#**«*-e*ja $ JxfcSfci&*Stt*iKBas» 

m—xfo&o 

20 [00 5 7] [g 3 ltt&WlC& Z> V y.i^ffl*** 

3§(7)ISfS[g!<7>— #JT*£>6 0 H)3K;^£*l£ <fc?tc, 01 
(DW^ . «MMS»^**«:<DT»^ 7 y KB 2 SrJfcfig-f- 
5^t>9(c, 37l3«)IJf* < J:»)/h*v\ ->y=»>Sfc 

y kb e $rw^ • mmmft*m&&xtef&-fz>ttt>>o 
ft^*^*, ±» ^ 7 y ki e #a«-c*s y y 5«« 

[0 0 5 8] 

fi. A, B^6V>|^A % B, CC0#^^^{i^it^(C 
W7^ K»»oJB*r*M»«:»*K:tT5wfc3SS-e# 

40 mmttzv&skkt**. 

[oo5 9] *yc, • mmmft*m 

[0 0 6 0] $q>{C, *«W«Cfflt^-tn-€ftLWK»T- 

50 Dy^^^ti^f^if, • 
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[0 0 6 1 ] 

[0 0 6 2] HiS#J 1 

(l) TV*?? KIMHtt 
T|TIE0 2- >^-2-^#*yy V14-l 5 m K 
p - h/I^>-*/W*>^>^yUai*^/U6m 1 *Mg*5<fc 
T-fe h= h y/U4 0-5 0m 1 (Ojft^jftSriiaDiaft 
-C2 OI*WR*S*-frfc. «t«>J6*, l^S2 0±5O/f 

[0 0 6 3] if)iifc^y^f/y y|:x^y-;wc 

#y^t/u>i o oa«»ic#i-5#rt»o«sffl« 

^ f ;u h y x h ^ >->7 >li 2 0 0 ligp ^ L 
/c 0 *CD^, Bfiflit), 5 Ott'7 2ftmRJCS*"Cy 

>u***s*fc. z biz'&htitzmm* 7 ox:xi o o 

[0 0 6 4] 3^yfOi/^>S^H;, f#e> 

— hLtZo *:<D'i&^ lOOtt'5 0^ 15 0^5 

[0065] mmim&<nm<nymYz* <nm$Lt* 

7^<E»iaftS:TMA*5j:t5DSC!»»#f36B (t-fa 
— fflrPXSIfiL TMA-3 0 0SU3j:tf, DSC- 2 2 

[0 0 6 6] (2) 3TJldclS*ft 
h y 3i b^->->9>i«t&X2 O Olittfflv^a 

SLfc^C^, lOOtWltfeofc, 
[0 0 6 7] ( 3 ) #*«fc«s»#«fc 



(8) Ml?9 - 3 112 3 4 

5 icLT^feJxfcffi^ffc i toy j /UA-OfltafcSix 
fcTW*?* K/§±Jc\ 1S^inc^it^>3i^y-/u^ 

i o otfs op*rk 150 
t:-c5 0flFBi*P!»«;*Lr. mmx 

*U St^SCttaTi^MLfc. EB 
&*«T>T/uS = *i*»»£r, 2 000t>^FD- 

M^^^^t'y^-h-ci^Lfci, 11 

mx\ ±msomm<D7* b^*?&mcx<%ftmmit 

fc 0 ^IC13 5tT*3 0m tf* h fTo/c 

§:ffl^)tR I E K?>f ^s/^v^&SSrfT^ =*Tlf8B 
y 5/^|g(CS$ 5 0 mm; *S 8 /i m , £ 8 /< m (7) 
WMMbM'< 9 — >-(-3i y ^ > ^ L fco 

[00681 ijxf^s, ^Tm±.^(DT^ ^=-<yj* 

OOlCTSOm 15 0tT'5 0^««lt, 

[0069] ^ • mmMft*m&ftitm$i&^$i 

Si 300 (nm) (Dft&m^^X. * y h 
50 5*1*0. 5 (dB/cm) aTffcofc o ; t«!6 5 

0 (nm) (03feSrffiv^^coSm, w o^jSKooeSJ 

tH*f*0. 3 (dB/cm) J^TT*£> ofc 0 ±, 

hy=>tkKift2 0 10) T^iJ^Lfc. Ceo 
tt*. =Ti:*7ix K(B»tt:S«f*littl%JeJlT-Cfco 

[0 0 70] Uttffll 2 
(1) T»*?s/ KJ|jftK*tt£ 
TffM^^^^/uT* y yur ^ K3 0. OmL 7/>fy^ 

l:oi%tSH, rh7t Kd77>150. Om\(D 

m&mz&tiiu&x i o-2 o^waasic*-fr^ 

1^2 oc^^y ^^^/uT^ y/ur ^ K*r» 

t^^T? y /UT^ K (ti^fil, 0 0 0) S: 

ffl^sw, ^jiss^^i tm—izLxfZfc£itfztz 

50 [0 0 7 1 ] ^<7)W«-^ffii^^«^flc<75^7^te^ 
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U&ZmfcLfzt Z*>^ 1 0 Ot:£JLLT$>ofc 0 £ h 

SrHJELfcte*. j^4 0±2 0%T'fcofc 0 
[0 0 7 2 J (2) 3 7f^i£ 

*MRft«a(oieottffitt^ ^ y * coigns ft < , 

[0 0 7 3] (3) *»«88^K*& 
-CO J; 9 [CLT^b^/c^&l II <07-f/WA"C«|^$ 

*f — h L/c 0 ^com, loot-esow, 15 
0tt'5 0WW$LiLT, mmX*$>Z>=.* /— fr* 

B^^T*T/i^^*A»E|£ x 2 0 00ty^hP 20 

um X\ i!5 0mm^7t X? &mCX%*\>&& 
fc 0 #ClC 1 3 5tt'3 0#P B ^ ^^tTofe 

y :y v^SB^ft S 5 0 mm; «l©8/zm,iii£8/zmco 30 
[00 7 4| xyfy^ 3 711^^^ 

^2 0/iin (C^5<t9l-^t°>=»— hL^cio 1 
0 0*C-C5 OBSRiL 15 0tf50^»Mlt, 

? y y K«*r»*Ufc. r co j; 5 ic itl^^Iti 

[0 0 7 5] r coW$l • *«K#^«*»:*i»«KlcS 40 
11 300 (nm) <0#*ffl^T. # * *8rC# 

*|j:0. 5 (dB/cm) ^TOofco *fc&^6 5 
0 (nm) Wftfc/fi^fcSJ^tt** ^0>g&8§CO<£tt& 
m&:i*0. 3 (dB/cm) WTtfeot ft**, ±, 

(*H/< M; 3>tt»S!SC2 0 1 0) T*®J5£L*: 0 ^co 

[0076] mmmi, 2(n&ytm&ft&8 so 
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-m<D&wTxi 0 o&ffl&mLxfrb&vttiL. ?tm 

[0077] mmm 3 

(1) ru^y y b'm&m*f&: 

^Dx.T7n:^yu h y ^ F^r^>7y^S-C2 0 OfiS 
/H^yx b^r\y>y>^m&Xl 0 0 0 ffifigfl/8^<5&L 

*k m&bffi-&mcx&fc£ittik z*>. Mf&$m& 

[0 0 7 8] (2) = TJMW*«fc 

«**lVtc*5tt*>^vi' hyi h^7Vt, :ti(: 
Mt7x^ h y ^ h^->->7>^^S:r*2 0 ofifi 

£B/8^5ft:b9 ic, >^hyxh^>7yi:7i^ 
K y a: h^r^^7y^ft' 1 0 0 olMfflv^W 
*k mrfsts^i*: 1 tm~-&mcxmi&£i*:tLt^*>. m 

[0 0 7 9] (3) %«ttttff£»:2r& 

tr^a— h u^Ce ^co^. 1 o cc-cs ob*ih, no 

t-C5Ol*IBll0!!Sft»lt, S«T?fcS^*y--/i'SrBfc 
J8*«^7^5=*A»RSr, 2000^y^hn- 
^^fi/^h^ey^^ K-C**U-fc«." l l 
mX\ ±ft5 0mm(O7* ^^^^acrMiBB* 
fc 0 Wci3 5t"C3 0m b-<— ^^rtTofc 

$:ffll^cR I E K7><^^f >^irfT</\ =*T/f£|5 
y y Affiles S 5 0 mm, *§8 /im s ^^8^111 CO 

[0 0 8 0] x-^y^, ^Tm±.^<OT^K — 
v^^^fflox. 7 ftvK«Lfc 0 *&Klf^f*: 

^2 0 jam \ct£Z>£ o\c*¥>=2— b Lfz 0 t<Dm, 1 
oo^T'So^PbI lsot-esoWDMit, 
««Sfe*>*^^y-/^4rl»*L, m4ttsitz>zkx±& 

[0 0 8 1] ^C0W$& • ftKffi^n^XffRKlctt 
11 3 0 0 (nm) CO ;)£ £ #H > T , ^7h^7^^tl 



-9- 



(10) 

17 

ifcliO. 5 (dB/cm) tlTt'feot £fc&S6 5 
0 (nm) <Ojte*fflV*fc«j£a5«*, C 02JSffi&<7>fc{» 
t&ifcteO. 3 (dB/cm) WT^o/; 0 ±, 

(*i>Fy3ytt«aa2oio) -esMtufc. zcd 

[0 0 8 2] jlffiffll 4 

( 1 ) TSB* 7 y KJMtRMfe 

nr± F^M^;Mo-50mi srsacias-c 

ffiIE0>* » > * * 9 (ll^^^S 1 2 , 

0 0 0) Srtkifetr^tr^^^^/UAT^ K*«lc»*P 

^msizxQmmLittr/uby^b^z/is?* it a* 

Ky s^ttB!) trttUDU 20 
l/c. cco<t^, *y^t^yyiooift8ic»t 

011^ ^f/uhyxh^'>v/7>lj:l 0 0 0lIS 

>-^<ov-y av^KJiic. »e>n*:*« • 

10 0tt5 0lSB, 15 0tt'5 0W, 
ftlLt, Mt^6v ? ^f/^;uA7-; K*»*L 

££TMAt;fcfiDSCS&#*rSH ("fe-f B^XSi 
fit. TMA-3 0 0^J;^ DSC-2 2 0CS) f 
9J^L3t^w5, 10 0tB±-C*ofc, 
[0 0 8 3] (2) 3 7i«& 

( 1 ) <7)T35* =7 y KHdcK#tt(Cj3ftS«W • MRit 40 
#^«^*X<Z>»j£*. sK9^#*^y> (10 0) ft 

(lOOOliai) <ORt>0Jc, ^f;uhyxhdr'>i/ 
7 ir:^ h yx h^v/'>7y^it'l 0 0 0 

mm&k LIZZIE ( 1 ) TU? 7 * kjiak^s 
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[0 0 8 4] (3) **ttttf1MK^& 
( l ) OTSB* ? y KIB*K*jSfe-C»6>ixfc««l ■ 
B»^#X07^uAt««iHfcTS^7 7 KB 

±tc, (2) «>3rjB«K*S"c»&ixfc*« • mmm 

&*m&m\o>iS*T/i>*/i'J*T $ K*««r»TFU *D 

fco *:<D^ 10 0tT5 0^ 15 0^50^ 
ADSSftjftLT, mi&X-&Z>i/*^/i<>*Ji<>J*T* KSrBft* 

f^t'7/U^-)ASi$;, 2000ty^ho-A 

(DtfiSmi'i/X FSr^fVn— h-C»#Lrt:SL 1 1 0 
tt*2m T'y^-^SrfrofCo 8 /i m 

T\ 0mm£> :7* h^^^Srii C T^iSSft «r 

1 3 5tf3 0#RSL h-<-^ £ffo7tt£, U 
hn-F $ntl^l/«W7^ ^ ~<>J±$:Wm(D 

/cRIEK7^x 7 fy^I^\ =*TJIgltf>£:y 
?S?3!lCft3 5 0mm, m8 11m % 8 ,um COfi^ 

^<D7*yu a-^^ ^ > h xmm b 

fc 0 a«tc (1) <D&m- mmm#*m<&{t<Dzs*^ju 

*/^7 ^ K***r«TL, ^JRtt*»tf>fl»5as 20/i 
m(:^5J:9(:^^y^-F L7t 0 -^cd^. lOOtt' 
5 0^Fp1, 1 5 Ott'5 OWMtT, gltfe 
6^f/u^7; K«rl»*L, ®{b $ it" ^> r X± 

[0 0 8 5] r •'««iB»¥a^*3t#«[Kic* 
11 300 (nm) <Oft*m*X* *y b'<y?&:X%: 

^fiO. 5 (dB/cm) J^K^ofc 0 ^fcffi^6 5 
0 (nm) 05*«:fflV^9J^OJB». ^(Vm$i&(Ofcm 
S^fiO. 3 (dB/cm) ^TT^ofCo #:Jb\ ±. 

T$P^7 ^ Ki^riww$^/yxA*y7- 
(*^Fy3>tt8aa2oio) x®\7£i.tz 0 ^<n 

[0086] mmm 5 

(1) TUt^yvmiim 

rffIS<^2, 2, 2 - h y ^ ^ y ; u^> 

3-^*m&WMt it/f y (2, 2, 2-hy7/^p 

^/u) ^^^y/u^^^/u (tt¥^f 3 0, 0 
0 0) ^^L7t 0 

[0 0 8 7] »:«C, ( 1 ) TU?"7y b'mfc 

^y (l, l, l, 3, 3, 3 — **y-y j\sjrxz4 
otVu) y^^'J/^/f/u (1001M) ££H><5 
HfII5Hte0ij4co (l) (nTU*?* K«fiJcR*fe 
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#km&*m&m\\ t>mbtitz 0 
[0088] (2) =*Tmj&m 

2, ' 2, 2- hV 7/U^cun^/U> y /u»;*^vu 
(T/uKy y?-tt8L 3 7, 3 7 6- 1) £ffl$g#>®<>: 
LT#y (2, 2, 2- h y 7/M-o:il^,u) ^^^y 
A«>?vu (It¥^i2 5 f 0 0 0) £^j£L 

[0089] mmm4<D (2) 3 7i«ii*sict3(t5 
#y y^»^^/Mcft^-c. suiETKy (2, 2, 
2- h y ^/u^J-cuc^vu) ^ y ^m^^-^t^}) * 
^^y/^f^it (50011W 

(lOOOlfi® £r/8^5£/.*k 
huIE^^JIO (2) 3T1«|^- icLTS/S 

[0090] (3) ^tm&^m^m 

gJLlc, (2) 0 3T«rtfR*jfe"C»P>ix^W«l-»l« 
B^tt^flcXIIKo^^^^AT ^ K*«SrjST 

htfc 0 1 0 O^-CS 0B*WK 1 5 0tt'5 0 

8fe*U ^b$«r<ht^7i$:MLfc 0 SctC, E 
B&#«^7/US = 20 00ty^la 

T% il50mm(O7t h -r* * £rii CT 9HS^»K 
Jfcfci 3 5X^3 0#WK *£tTofc 

£JBl,^cR I E K7>f^y^>^«iaS:ffV\ ^Tl^P 
#£y y^accftd 5 0 mm, *S8/um . Si £ 8 /i m CO 

swifc. (i) <Dmm*mmm&*m&»<ni? 

>f/utw^7; K*8«Sr«TL, AHRfE««OKJ|t^ 
2 0 ttm «fc h LAco -^<£>&, 10 

i 5 ott?5 o^ra»af»«:«iur, m 

[00 9 1] - • flm»&^«»»%«ttBfc:jK 

f 1 3 0 0 (nm) CO#;£rS!^T, # h ;/ * j£T'ft 
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£120. 5 (dB/cm) ^TT'^o^o ^^SS6 5 
0 (nm) W*Srffl^^JBJ^oe* % w<0#«K<Ofi» 
m*:\%0. 3 (dB/cm) WTT'ifooto ±, 

(#B* h yayttsi^a o 1 o) T-SJ^Lfco z<d 

[0 0 9 2] ^£J60iJ 6 
(1) TSi5^7 5/ KSfifcBS 

/o HM0d4t?ffi^Lfc^y ^i^^y v»ctfex.r. #y^ 
^^/ur^y/ur^ k (liW^ti, ooo) £ 

g«J5lLfc^:5, 1 0 0°CSX±.X&>^tz o 
[0 0 9 3] (2) 

( i ) <dt«* y y b*mf&mj?mzjsrt zmm • mmm 

20 (ioo) #y^ 
* ^ y a-s^ ^frfr 500 fifia5T*^> o . * ^vu hyx 
h^v^>7^ doooifS) <r>iX*>*)\z, ff-jvy 

t-cioooi«^L^, (i) TUt^vvm 
nhtitz* &tz#7*m&um&®\mi,tzt^*>, 10 

0 < C^±T^o^c 0 

[0 0 9 4] (3) 3teWR»fls«*» 

jo ( i ) <7)T^^ ^ Fm&mx&^&htiitmm -mm 
^±tc, (2) w=r-Jt«ui*i6"C»&*tfc*»-««l 

S^IS^XVO^^^/U^^AT^ KW^ITU 
fc 0 ^^m. 10 0t;t'5 0^ 15 0tt'5 0W 
L, Wt**6li:-e371Sr»fiJL3to EBl 

mmxT/i'$-<}j*mm&. 2ooot>^hu-A 

40 (Dtfi/m^i'* b&X hT^M^U^m, 110 

tT'2m ^y-<-^^ffo/t 0 2ktc N M«^8iin 

T% if 5 0mm<7>^^- h * £ffl CT#i*M**jte«: 

^iCl 3 5tt'30m ^ h-<— ^^rfTofcm, U 

bXM&LtZo Mc»R»tt. ^^/^^:ffli> 
fcR I E K7^x 7 f>^l^(rV\ =*TJl&5#£y 
•;/^§2l-g£ 5 0mm. *S8 /im % 8 u m (D\E^ 
B'*9 — >\Z=.y?->7'L,tz 0 ^y^^^\k. ^Tm± 
50 &CDT/l'*-v'A>^x?&m-m<F>^y?''Y> ht«L 
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ti 0 mmz (i) <Dmm-mmm&*m&i*<Dis*T/i' 

twuAT; KSift&jBTU tot&$£&&<Dmm* 2 0 u 
ro (eft* J: f>=i— h L/c e ^<D&, lOOtt- 

5 ottm. i 5 ox:r*5 o«piBWD»(e»Lr. mmx$> 

[0 0 9 5] d (Dm®. • «^«^*3te«tt»tc» 
Si 3 0 0 (nm) 0>3t£ffl^t\ ^yMy^ftt* 

*tt0. 5 (dB/cm) J^TT'fcot 6 5 

0 (nm) «Dft£ffiv*fciHJ£<0»«. :<o^(D« 

«ftett0. 3 (dB/cm) «T-Cfcofc 0 ft}b\ Jt, 

(*i^hy=i>tKSS:2oio) -eaiSLfc. d<z> 

[0 0 9 7] SfelCTK (a) - (e) 

( a ) mf&&mmmftx<Df&mmtffi&%:*<D 1 

3ilfc#j4<7> (1) TS^7-> KJB*l»*i5fe(c*5»tS*"« 
•^K#*«**<ottrt* ? Tjfy^-^^yv (10 

otM) tc*hr 5#*»«>kffl«*35s, *y***y 

5'0 0 0li»iim, : *Jfi«4<Z> (1)'-T»^7 

*&SfcWt» • 

5 y 1 0 0TO±t'fco/: 0 

[0098] ( b ) m«Sfl:«ifflrtr-o^^ffi^m 

^CO 2 

**«4<D (1) KB«K*felC*5JtS*« 

• mmm#*m&tt<Dmf$.&s #i)**-v-sv> do 

^f/^10lM, ^/l" h y ^ b 

3 0lt»i:Lm, HJ6#Jl<£> (l) TW5yK 

JB««[*i5fei:l^-JctTo^ 0 *:CD»*, *7;y*OS8£ 

tztZZ. l 0 0°C\Z±.X&>otz 0 

[0099] ( c ) fofommmmftx*<nfom\&wm&¥k 
- mmmft-T-m&fecomf&&* tfv**-9-*/v> do 
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Mk**f /\"&3 0 0 Offifigfl, >f/uhyxhdr'>v/7 
>{i5 0 0 0lfi^tL/ta^ HS6#Jl<0 (1) TSB 

[oioo] ( d ) ia«fia«6fflrt-C<7?@#r*fFffi^ 

-£<D 1 

*is«4w (i) Tut?* h'm&mjrmtz&rt zmm 
w •mmm#*m&fc<»mf8L*. # y y >- do 

b*i/i'7> (lOOOlM 0>ftfc>SHd, 7x-/u 
hyxh^r^>>7> (lOOOfiSSB) *ffll^a£Jl*k 

m&nmm4<D (d Tss^^y K«*«*«fetra— «c 
ifeant?, ««i«»^a* 

d^>, 1. 5 0 ±0. ir*fcot 0 

[oioi] ( e ) tmmmmmftx<nmtFrmwffimm 

20 ^t<D2 

mmm4<D (i) t^*?* b-mf&mxmz&nzmm 
• mmm^^-m-Ste^m* . ^ywyyy do 

OfifigB) (DiXtD K) (cizK y f-;U7 ^ y /UT ^ K (1 

>f/uhyxh^'»7y (1 0 0 011® (DiX 
fr*) 7ix;Uhyxh^->^7y (300011 
») «:fflV>£«*k HtjlEH^j4CO (1) T»^7yK 

mmm&mfei>tihz*>, 1. so±o. i-c*>ofc 0 

[0102] JtlCt^J 1 

^y m/y >-Srfflv>/j^>r% ^y^^^y/u^^^ 

/H 0 OJttSBlcafrL-C. ^f-/^yxhdrv->7yi 
0 0 01W (JtKE^Jl) . 2 00 01M (it*SE« 
2) ioitJ«4 0 0 0lti (Jtt50ij3) Sr/fll/^Eitfk 
Sltfi«2 0*ifetl^— fcLTSJCS^rfci d^>, ^y> 

[0 10 3] 

tc^u, c. m&&&m-rzmft*<D\,*-rtiti\ &tz 
50 mm&&Li*&&{±&tt£&') kftznx-mmmmwtex 
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[0104] iLit, *&mizm\**z>#m • mm&&*®. 
[o i o si ^mwLitxoic ^mytmm^b&ife 



70 
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[13 2] *&WK.&rtZMib&*mytm&toniVl*:7* 

[13] ?£WfcMlKa>lfll**i- 

[W-S-coBWl] 
1 

2 W7«;K1 

3 ^71 

4 7/U^-r>Aili 

5 h/1 

6 ±W5yKI 



[Hi] 
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